Biologics have changed expectation and outcomes for rheumatoid arthritis (RA). However, the optimal duration and sequence of therapy for this disease has yet to be determined. Also, a significant number of patients do not satisfactorily respond to currently available therapies. The Janus kinase (JAK) inhibitors represent a new class of therapies for RA. These drugs work uniquely by inhibiting intracellular pathways thought to be important in the pathogenesis of RA. They are available as oral agents, which is also different from the currently available biologics. Baricitinib has now been evaluated in four phase III clinical trials, and although safety concerns cannot fully be answered until the drug is studied over longer periods of time, the data to date suggest that this drug with its once daily dosing, rapid onset of action and efficacy as monotherapy represents an important addition to the RA therapeutic armamentarium. Further study and experience will better define how baricitinib will be used and by which patients.
Background
Biologic disease modifying antirheumatic drugs (biologics) have substantially changed the landscape of therapy for rheumatoid arthritis (RA). While they have significantly improved outcomes in patients with RA who are DMARD incomplete responders (IR), they require administration by the subcutaneous or intravenous routes. Biologics inhibit circulating or membrane-bound cytokines (e.g. tumor necrosis factor alpha (TNF) and interleukin 6) or cellular targets (B and T cells). Recently, a new class of targeted, synthetic, small molecules has been developed which interfere with intracellular signal transduction by inhibiting Janus kinase (JAK) enzymes.
JAK enzymes are part of the family of tyrosine kinases that constitutively bind to the intracellular domains of cytokine receptors. 1 When extracellular cytokines and growth factors bind to these receptors, JAKs are phosphorylated, leading to activation of signal transducers and activators of transcription. The result is modulation of a variety of signaling cascades involved in cytokine and chemokine transcription, hematopoiesis and innate and acquired immunity; many of which are critically involved in the pathogenesis of RA. 1, 2 There at least four JAK enzymes -JAK 1, 2, 3, and Tyk2. These are associated with a number of paired receptors. [1] [2] [3] JAK1 is expressed in lymphoid cells, but also more widely in other systems, including the central nervous system. It is associated with the beta chain of the interleukin 2 (IL-2) family of receptors as well as with other cytokine receptors including interferon-gamma (IFN-γ), IL-6, 10, 12, and IL-23. 1 JAK2 is expressed on a wide variety of cells and inhibits signaling by erythropoetin and growth hormones, and is important in controlling the production of blood cells from hematopoetic stem cells. JAK2 mutations are associated with myeloproliferative syndromes. JAK3 is expressed mostly in lymphoid cells and binds primarily with the gamma chain of the IL-2 family of receptors, including IL-2, 4, 7, 9, 15 and IL-21. 2 Tyk2 also has a somewhat ubiquitous expression and is a component of alphaand beta-IFN signaling as well as IL-6, 10, 12, and IL-23 transduction. 1, 2 Stimulation by IL-6, a key mediator in RA pathogenesis, also results in the activation of JAK1, JAK2 and Tyk2 kinases. 3 In summary, specific JAK kinases, either alone or in combination, are preferentially activated, depending on the type of the cytokine or growth factor receptor that is being engaged.
Tofacitinib versus baricitinib
Tofacitinib was the first JAK inhibitor approved by the U.S. Food and Drug Administration (FDA) in 2012 4 for adults with moderate-to-severe RA, with an inadequate response to or intolerant of methotrexate (MTX). Tofacitinib primarily inhibits JAK1 and JAK3. 3 The recommended dose is 5 mg orally twice daily or 11 mg extended release once daily. 3 In contrast, baricitinib selectively and reversibly inhibits JAK1 and JAK2. It is administered orally, once daily. Baricitinib is not yet available but was submitted in early 2016 to the FDA for approval as an oral, daily treatment for moderately-to-severely active RA. 5
Immunologic activity and pharmacokinetics of baricitinib
Baricitinib potently inhibits JAK1 and JAK2 (approximately 100-fold) compared with JAK3, through the binding of intracellular mechanisms, similar to those described for tofacitinib. 3 As a result, generation of cytokines such as IL-2, IL-6, 12, 23, as well as granulocyte-macrophage colony stimulating factor and IFN-γ are inhibited. In animal models of inflammatory arthritis, baricitinib was shown to have significant anti-inflammatory effects, but also led to preservation of cartilage and bone, with no detectable suppression of humoral immunity or adverse hematologic effects. 6 Following oral administration in healthy human volunteers, baricitinib attained a peak plasma concentration within 1.5 h, and demonstrated dose linear and time invariant pharmacodynamics, with low oral dose clearance of approximately 17 l/hr and minimal systemic accumulation following repeat oral dosing. 7 Mean renal clearance was approximately 2 l/hr. 5 The pharmacokinetics correlated well with plasma concentrations. 7
Phase II clinical trials
A preliminary report of a phase II clinical trial in patients with active RA despite DMARD therapy was reported by Greenwald and colleagues. 8 In this study, 127 longstanding, biologic-naive RA patients were randomized to placebo, or 4 mg, 7 mg, or 10 mg of baricitinib in combination with DMARDs. The American College of Rheumatology (ACR) response rate for ACR 20 was 32% for the placebo group versus 52%, 59%, and 53% for the 4 mg, 7 mg, and 10 mg baricitinib groups respectively. The percentage of patients achieving a Disease Activity Score 28 Joints (DAS28) of <2.6 was 16% for the placebo group compared with 23% for the 4 mg, 25% the 7 mg and 17% for the 10 mg baricitinib group. Treatment emergent adverse events (TEAEs) were fairly similar across groups, with headache and diarrhea reported most commonly. There were two cases of herpes zoster. Increases in high density lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol were observed.
In a phase IIb trial by Keystone and colleagues, 301 RA patients with active RA despite MTX were randomized 2:1:1:1:1 to receive placebo or 1 mg, 2 mg, 4 mg, or 8 mg of baricitinib once daily for 12 weeks while continuing their background DMARDs. 9 After 12 weeks, patients receiving placebo or 1 mg of baricitinib were changed to baricitinib 2 mg or 4 mg daily, and all patients were followed for an additional 12 weeks. The primary endpoint (ACR20 response rate at 12 weeks) was significantly higher in the combined baricitinib 4 mg and 8 mg groups compared with placebo (76% versus 41%; p < 0.01). Also at week 12, significant differences between these groups were observed for ACR50/70 response rates, DAS28 < 2.6 rates, clinical disease activity index (CDAI) and simplified disease activity index (SDAI) response rates. Patients in the 2 mg, 4 mg, and 8 mg groups maintained or improved all measures through 24 weeks. Adverse events were similar across groups. A total of three serious respiratory infections were observed (one each of bronchitis and pneumonia in the baricitinib 2 mg group, and one pneumonia in the 8 mg group). There were no cases of herpes zoster or opportunistic infections. Mild decreases in hemoglobin and neutrophil counts were seen and appeared to be dose dependent. Increases in HDL and LDL cholesterol, transaminases and creatinine levels also occurred. 9
Phase III clinical trials
Preliminary data from three phase III clinical trials have been recently published. [10] [11] [12] In one, the RA-BUILD study, 684 RA patients with active disease despite conventional DMARD treatment were randomized 1:1:1 to placebo or baricitinib 2 mg or 4 mg once daily for 24 weeks. 10 Placebotreated patients were switched to active treatment at 16 weeks. Significantly higher ACR 20 response rates compared with placebo were observed in both baricitinib groups: 40% versus 66% and 62% respectively (p < 0.001 for both, Table 1 ). Significant improvements in both baricitinib groups compared with placebo were also seen in ACR 50 and ACR 70 response rates, DAS28 < 2.6 ( Table 1) as well as health assessment questionnaire disability index (HAQ-DI), CDAI and SDAI responses rates which were sustained through week 24. Slowing of radiographic progression was also observed at week 24, with changes in the mean modified total Sharp score (mTSS) of 0.33 and 0.15 in the baricitinib 2 mg and 4 mg group respectively, compared with mTSS of 0.70 in the placebo group. 10 Weekly assessments early in this trial, demonstrated rapid improvements in many patients, some as early as week 1. TEAEs were similar across groups. There were no serious infections and laboratory abnormalities were similar to those seen in the phase II studies. 10 Recent data from RA-BUILD demonstrated that the baricitinib-treated patients also exhibited significant improvement in patientreported outcomes across different domains including pain, functional ability, and fatigue. 11 Results from another phase III trial, the RA-BEACON study, have recently been published. 12 In this study, 527 RA patients with an inadequate response to one or more TNFinhibitors were randomized 1:1:1 to placebo or baricitinib 2 mg or 4 mg once daily in addition to background non-biologic DMARDs for 24 weeks. Significantly higher ACR 20 response rates compared with placebo were observed in both baricitinib groups: 27% for placebo versus 49% and 55% for the baricitinib groups respectively (p < 0.001 for both). Improvements, often but not always statistically significant, were observed in the baricitinib groups for ACR 50 and ACR 70 response rates, a proportion achieving DAS28 < 2.6, mean HAQ-DI, CDAI and SDAI response rates (Table 1) . Treatment benefit was sustained at 24 weeks in the 4 mg dose only. More TEAEs were seen in the baricitinib groups, including infections, but serious adverse events were similar across groups. There were no opportunistic infections and laboratory abnormalities were similar to those seen in prior phase II studies.
Preliminary data demonstrated that in both RA-BUILD and RA-BEACON a lack of early clinical response, as indicated by a failure to achieve a decrease in DAS28 > 0.6 or CDAI > 6 after 4 weeks of treatment, was associated with lower attainment of low disease activity or remission at 12 or 24 weeks. 13 In fact, larger decreases in DAS28 or CDAI at week 4 were associated with improved clinical responses. This potential ability to identify patients very early who are not likely to achieve significant clinical targets might be useful in tailoring therapy to individual patients.
In a novel phase III trial (RA-BEGIN), baricitinib was administered as monotherapy or in combination with MTX to patients with early, active RA who had limited or no prior treatment with conventional DMARDs. 14 In this study, 584 active RA patients with no prior DMARD treatment or fewer than three doses of MTX were randomized 4:3:4 to MTX monotherapy (increased from 10 mg to 20 mg once weekly over 8 weeks), baricitinib 4 mg once daily, or baricitinib 4 mg once daily plus MTX (increased as described) for up to 52 weeks. The primary outcome evaluated noninferiority of baricitinib 4 mg monotherapy compared with MTX monotherapy for ACR 20 response at week 24 (using a 12% margin). A total of 87% percent of the patients treated with MTX monotherapy, 89% of the patients treated with baricitinib monotherapy and 91% of the patients treated with baricitinib plus MTX completed 24 weeks of the study. The ACR 20 response rate at week 24 was higher in the baricitinib monotherapy group compared with MTX monotherapy (77% versus 62%, p < 0.01). Compared with MTX alone, baricitinib monotherapy produced significantly greater improvements in secondary measures of disease activity, including ACR 50 and ACR 70 response rates, remission and low disease states according to the DAS28, CDAI and SDAI as well as HAQ-DI and Functional Assessment of Chronic Illness Therapy scores; many seen as early as week one (for all p < 0.05). Interestingly, MTX in combination with baricitinib did not appear to increase the benefit observed with baricitinib monotherapy in terms of response rates. However, it is notable that the combination of baricitinib with MTX demonstrated a greater reduction in radiographic progression compared with either monotherapy alone. TEAEs and SAEs were similar across groups, with more infections and one death noted in the MTX monotherapy group compared with the baricitinib monotherapy group. Through 24 weeks, 2 (1.0%), 6 (3.8%) and 14 (6.5%) patients discontinued the study because of an adverse event in the MTX, baricitinib 4 mg and baricitinib 4 mg + MTX groups respectively. Anemia, lymphopenia, and transaminitis were generally less frequent in the baricitinib monotherapy group compared with the other two groups. 14 The RA-BEAM trial compared the efficacy of baricitinib to adalimumab and placebo among patients who were MTX-IR. 15 Patients were randomized 3:3:2 to placebo, baricitinib 4 mg once daily or adalimumab 40 mg bi-weekly with background MTX. Nonresponders were rescued from week 16 and patients on placebo were switched to baricitinib 4 mg at week 24. The primary endpoint was ACR 20 response at week 12 for baricitinib compared with placebo. Major secondary endpoints included comparisons of baricitinib versus adalimumab for ACR 20 rates and change in DAS28-CRP at week 12 as well as response rates at week 24 comparing baricitinib or adalimumab to placebo ( Table 1 ). Of the 1305 randomized patients, 89%, 94% and 93% completed week 24 in the placebo, baricitinib and adalimumab groups, respectively. An ACR 20 response was achieved at 12 weeks by 40% of patients in the placebo group, 61% in the adalimumab arm and by 70% in the baricitinib group (p < 0.001 for comparisons versus placebo). At week 12 and 24, significant improvements in ACR 20/50/70, HAQ-DI response rates, and low disease activity and remission rates (according to DAS28, CDAI, and SDAI) were seen for baricitinib versus placebo (all p < 0.001). 15 Significantly more patients in the baricitinib plus MTX arm achieved low disease activity, compared with placebo or with adalimumab plus MTX (Table 1) . Furthermore, inhibition of structural damage at week 52 (defined as van der Heijde mTSS ⩽ 0.5), was significantly higher for both the baricitinib (85.2%) and adalimumab group (86.5%) compared with placebo (70.4%, p < 0.001).
Baricitinib also demonstrated significantly higher ACR 20/50/70 responses compared with adalimumab at 12 weeks and higher ACR 20 and ACR 70 responses at week 24. Rates of TEAE were higher for the active treatment groups versus placebo: 47.3% for placebo, 52.8% for baricitinib and 50.9% for adalimumab. Specifically, infection rates during weeks 0-12 were 17.8%, 21.8% and 20% respectively. There were four malignancies and two deaths reported in the baricitinib group and none in the adalimumab group in weeks 0-24.
Patients who completed RA-BUILD, RA-BEGIN or RA-BEAM were eligible to complete a longterm extension study called RA-BEYOND. 16 In this study, those who received baricitinib 4 mg once daily for at least 15 months and who achieved sustained low disease activity or remission (defined by CDAI score at two consecutive visits at least 3 months apart) were rerandomized in a double blind manner to continue receiving baricitinib 4 mg once daily or to step down to a 2 mg daily dose. Disease activity was assessed at 12 weeks. The majority of patients were able to sustain a state of low disease or remission in both the continued 4 mg and reduced 2 mg groups (Table  1) . However, compared with the 4 mg group, the reduction to 2 mg at week 12 was associated with statistically significant increases in tender and swollen joint counts, physician global assessments, DAS28-CRP, CDAI and SDAI scores (all p-values < 0.05). Consistent with other phase III studies, these data indicate that 4 mg once daily is the most efficacious dose of baricitinib.
Safety
An integrated analysis presented this year reviewed safety of baricitinib across all phase I to phase III studies and the RA-BEYOND study. 17 Among 3464 patients (4214 patient-years) exposed to baricitinib, there have been no increases in deaths, malignancies, serious infections, opportunistic infections or adverse events leading to drug discontinuation. A statistically higher rate of herpes zoster (4.3% in the first 24 weeks) in the baricitinib 4 mg group has been reported compared with placebo. Baricitinib treatment has been associated with changes in hemoglobin, lymphocytes, transaminases, creatine kinase and creatinine levels, but fewer than 1% have discontinued due to abnormal lab results. Furthermore, there does not appear to be an increased risk over time for adverse events with longer exposure.
Conclusion
JAK inhibitors are a new class of targeted small molecules that inhibit intracellular transduction and represent an important addition to the treatment of moderate-to-severe RA. Formal results and publication of phase III trials and long-term extension studies to assess the full efficacy and safety profile of baricitinib are eagerly awaited. For now, the early data suggest that baricitinib, particularly with its once-daily oral dosing and early-onset of efficacy, may be another important treatment option in a competitive marketplace. 
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